Abstract: Marine records from the northern Gulf of Mexico indicate that significant multidecadal-and century-scale variability was common during the Holocene. Mean annual sea-surface temperature (SST) during the last 1,400 years may have varied by 3 o C, and excursions to cold SST coincide with reductions in solar output. Broad trends in Holocene terrestrial climate and environmental change along the eastern portion of the northern Gulf Coast are evident from existing pollen records, but the high-frequency details of climate variability are not well known. Continuous and well-dated records of climate change and climate variability in the western portion of the northern Gulf Coast are essentially lacking.
INTRODUCTION
The coastal region of the northern Gulf of Mexico (GOM) is a dynamic environment that contains both renewable and nonrenewable resources of great importance to the Nation. Northern Gulf Coast ecosystems support most of the Nation's wintering waterfowl and account for about one third of the fisheries production in the lower 48 states [1] . The lower Mississippi River is the site of the largest port activity by tonnage in the World. Further, refineries along the northern Gulf Coast produce about $30 billion worth of petroleum products per year, and approximately 20% of U.S. crude oil and 33% of U.S. natural gas flows through the region [2] .
Rapid growth of coastal communities has resulted in an ever-increasing human population and economic infrastructure. Since 1900, population density in most coastal counties along the northern GOM has increased substantially. Some coastal counties in Texas, Louisiana, Alabama, and Florida have experienced increases of thousands of people per square mile (Fig. 1) .
The northern GOM coastal region is vulnerable to a variety of natural hazards. Major storms are one notable example. A number of major hurricanes have made landfall in the northern GOM since 1900 (Fig. 2) . Major droughts are another example. Prolonged drought conditions in the southwestern United States in the 1950s and 1960s resulted in very dry conditions for a number of years along the northern Gulf Coast.
Prior to the European colonization in the last few hundred years, changes in the physical system, including sea level, sediment supply, storm frequency, temperature and precipitation extremes, and the resulting impact on ecosystems, were driven by natural variability in Earth's climate system and tectonic forces that operate on time scales ranging from tens of thousands of years to several years duration. During the last few hundred years, human activities have become an increasingly important influence on the environment of the northern Gulf Coast. For example, construction of levees and dams along rivers has altered the supply of freshwater and sediment to coastal systems, and increasing concentrations of atmospheric greenhouse gases are leading to climate warming and possible changes in the hydrologic cycle [3] . Thus, changes and variability in the region today are driven by a complex combination of natural and anthropogenic forcing. This report reviews information regarding the Holocene climate and its variability in the northern GOM and adjacent coastal region, and suggests areas for additional research.
Current Climate Setting
The GOM is a semi-enclosed basin at the northwestern edge of the tropical Atlantic Ocean. The GOM is closely linked to the Caribbean and tropical Atlantic via the Loop Current, which is a surface-ocean current that transports warm waters from the Caribbean Sea through the Yucatan Straits and into the GOM, before exiting through the Florida Straits to be incorporated into the Gulf Stream (Fig. 3) . Seasurface temperature (SST) and atmospheric circulation in the GOM region undergo annual changes linked to seasonal migration of the Intertropical Convergence Zone (ITCZ) (Fig.  3) . This variation strongly influences the climate of the northern Gulf Coast as well as large areas of North America. During the Northern Hemisphere (NH) summer (Fig. 3) , the ITCZ is north of the Equator. Southeasterly surface winds across the Caribbean Sea and GOM, as well as southerly winds across the Gulf of California, result in monsoonal rainfall in Mexico and the southwestern United States (the American monsoon). During summer, GOM SSTs exceed 28 o C and are part of the Western Hemisphere Warm Pool (WHWP) [4] . The WHWP, which extends from the eastern North Pacific Ocean through the GOM and Caribbean and into the tropical Atlantic, is the dominant heat source for the Western Hemisphere extratropics during the summer [4] . The GOM is the primary moisture source for the northern Gulf Coast and eastern North America [5] .
During the Northern Hemisphere winter, the ITCZ moves south to a position near the Equator (Fig. 3) . Prevailing winds shift from southeasterly to northeasterly across the Caribbean and GOM, and monsoon circulation ceases. During boreal winter, the Loop Current generally does not penetrate into the western or northern GOM. Surface waters in the northern GOM cool, and precipitation along the northern Gulf Coast generally declines due to the lower SST and decreased convection. Warm waters from the Caribbean are usually restricted to the southeastern GOM due to the flow of the Loop Current from the Yucatan Straits to the Florida Straits. However, the penetration of the Loop Current into the northern GOM varies annually, and anticyclonic eddies that break off the Loop Current at irregular intervals can bring warm waters to the northern and central GOM during some winters [6] . Seasonal changes in SST are about 8 o C in the western and northern GOM (see Brunner 1982 [7] , Fig.  1 ).
The climate along the northern Gulf Coast is influenced by the proximity of the waters of the Gulf of Mexico. Most of the northern Gulf Coast is humid subtropical and supports temperate evergreen-forest vegetation, but the southern tip of Florida is tropical [8] . Precipitation in the eastern part of the coastal region is highest in the summer and fall. Annual distribution of precipitation is more uniform in the central part of the Gulf Coast. In general, annual precipitation declines inland from the Gulf and from the central part of the Gulf Coast to the west. Coastal areas of far western Texas are semi-arid and support a live-oak forest [8] .
The northern Gulf Coast is sensitive to several interdecadal to interannual natural oscillations or cycles in oceanatmosphere circulation. Two important cycles that influence conditions along the northern Gulf Coast are the El Niño Southern Oscillation (ENSO), and the Atlantic Multidecadal Oscillation (AMO).
ENSO involves changes in trade winds and the SST gradient across the equatorial Pacific Ocean. During normal conditions, strong easterly trade winds in the eastern equatorial Pacific blow warm surface waters to the west. Cool subsurface waters upwell off the coast of the Americas in the eastern Pacific. This results in a surface pool of very warm waters in the western Pacific (the western Pacific Warm [26] Pool), and cool surface waters in the eastern Pacific off the coast of the Americas, creating a strong SST gradient between the eastern and western equatorial Pacific. During a warm phase in ENSO (or an El Niño), the trade winds diminish in strength, and the warm waters of the western Pacific move back toward the east, resulting in a warm SST off the coast of the Americas (see discussion in Philander (1996) [9] ). El Niño events tend to occur every 3 -7 years. One effect of an El Niño event on the Gulf Coast is an increase in annual rainfall (e.g., Darby and Sondag (2003) [10] ). The reduction in easterly trade winds during an El Niño event creates less favorable conditions for landfall of hurricanes along the Gulf Coast [11] [12] [13] .
The AMO involves alternating intervals of persistent above average and below average SST in the North Atlantic Ocean [14] , with a cycle of 60-80 years. Limited data indicate warm phases of the AMO correlate with an increased number of major hurricanes per decade in the Atlantic [12] (Fig. 4) . The impact of these natural oscillations on specific areas of the northern Gulf Coast is complicated and in some cases the AMO phase can influence the effects of the ENSO phase [15] .
Holocene Climate Trends and Variability
Most paleoceanographic studies in the Gulf of Mexico have used analyses of assemblages and shell chemistry of microfossils (primarily planktic foraminifers) in sediment cores to estimate variations in sea-surface temperature in the Gulf of Mexico. Malmgren and Kennett [16] used principal component analysis of foraminiferal-assemblage data from a series of cores in the western GOM to develop qualitative estimates of SST changes through the Holocene. Brunner [7] used the transfer function technique of Imbrie and Kipp [17] to estimate SSTs and salinities extending back through the last interglacial in several cores from the GOM. The sampling strategy of Brunner [7] was designed to establish the glacial-interglacial signal and includes only a few SST estimates for the Holocene. However, the sparse record indicates the warmest winter SST occurred during the mid-Holocene [7] .
Kennett et al. [18] and Flower and Kennett [19, 20] determined the relative abundance of planktic foraminifers and 18 O of Globigerinoides ruber (white variety) at a sampling interval of about 250 to 300 years in cores from the Orca Basin on the Louisiana slope, south of the Mississippi River. The foraminifer assemblages show clear differences between older and younger parts of the Holocene. The warmest surface-water temperatures, as indicated by high relative abundances of Pulleniatina obliquiloculata and G. menardii [20] , occurred at about 5 ka, which is consistent with the results of Brunner (1982) [7] . [21] summarized census data on foraminifer assemblages in several cores from the western and northern GOM, spanning most of the Holocene, and concluded that the relative abundance of the G. sacculifer in GOM foraminiferal assemblages is a reliable proxy for changes in the average position of the ITCZ. The census data confirm previous work, indicating that the average position of the ITCZ reached its northern extent in the mid-Holocene and has been migrating southward since about 5 ka to the present [22] . The results are consistent with the interpretation that monsoonal precipitation in the southwestern U.S. was high in the middle part of the Holocene and has been decreasing since about 5 ka [23] . Higher-frequency (centuryscale) changes in the average position of the ITCZ and associated changes in the southwest monsoon appear to be related to changes in solar output. Inspection and statistical analyses of several Pleistocene and Holocene climate proxy records has revealed persistent century-to millennial-scale cyclicity, and some of these cycles are similar to concentrations of variance found in analyses of changes in the rate of 14 C production. Since variation in 14 C production is related to changes in solar output, the occurrence of similar cycles in climate proxy and 14 C production records provides evidence linking solar variability and multidecadal-to century-scale climate change. For example, a 208-yr cycle is prominent in the 14 C production record (e.g., Stuiver and Braziunas (1993) [24] ), and cycles near 200 years are present in several climate proxy records from the Caribbean (e.g., Hodell et al. (2001) [25] ) and GOM (e.g., Poore et al. (2004) [26] ).
Poore et al. (in press)
Detailed records of SST are available for the early part of the Holocene from the Orca Basin [27] and for the last 1.4 ka from the nearby Pigmy Basin [28] , both of which are located in the northern GOM (Fig. 3) . Both studies measured Mg/Ca in the planktic foraminifer G. ruber (white variety) to construct a record of mean annual SST. The Orca Basin time series extends from 10 -7 ka and shows a gradual warming of about 1.5 o C from 10.5 to 7 ka, overprinted on centuryscale SST oscillations of several degrees Celsius [27] . Richey et al. (2007) [28] developed a highly resolved (i.e., sampling resolution about 12 years) mean annual SST record for the last 1.4 ka years by measuring Mg/Ca in G. ruber (white variety) in a core from the Pigmy Basin (Fig. 5) . The Pigmy Basin record indicates mean annual SST varied by as much as 3 o C over the last 1.4 ka. Intervals of coolest SST correspond with intervals known as the coldest periods of the Little Ice Age (LIA), and warm SST intervals between 1,000 and 1,400 years BP coincide with the oldest part of the Medieval Warm Period. The variability of SST observed in the Pigmy Basin record is consistent with estimates of SST cooling during the LIA from coral records in Puerto Rico and the Florida Straits [28] . Many of the excursions to cool SST in the Pigmy Basin record during the last 1 ka coincide with intervals of lower sunspot activity or sunspot minima known from the historical record. These sunspot minima named Maunder, Sporer, Wolf, and Oort, represent intervals of lower solar output [29] . The correspondence of cool SST excursions with sunspot minima shown in Fig. (5) provides evidence for the Influence of solar output on climate variability. However, additional work is needed to clearly establish the direct link between variations in solar output and climate variability. Overall, the SST records from the Orca and Pigmy Basins, along with the foraminifer census data summarized by Poore et al. (in press) [21] , indicate that sig- nificant multidecadal-to century-scale climate variability is persistent throughout the Holocene in the GOM.
Information on terrestrial climate and climate variability of the northern Gulf Coast has been primarily derived from analyses of pollen assemblages in sediment cores recovered from a variety of environments. Records from lakes and large estuaries typically represent a regional climate signal. Pollen from marsh and other wetland deposits tend to represent more local conditions, but can be very sensitive to highfrequency changes [30] . Detailed quantitative estimates of climate and climate variability from the northern Gulf Coast are not common. Most published studies focus on describing general changes in vegetation types.
A number of well-dated Holocene records are available from lake deposits in Florida (see summary in Willard (2007) [30] ). The primary signal in Florida Holocene pollen sequences is a change from oak-dominated forests in the early Holocene to pine-dominated forests in the late Holocene (Fig. 6) . The change is well documented in long and well-dated pollen records from central Florida including Lake Annie [31] and Lake Tulane [32] . The increase in pine is interpreted to represent warmer winters and increased effective moisture in the later part of the Holocene compared to the early part of the Holocene (see discussion in Willard (2007) [30] ). At the start of the Holocene (about 10 ka) sea level was around 30 meters below modern sea level and rose fairly rapidly to within about 5 meters of modern sea level at about 6 ka. The sands and carbonate rocks underlying central and southern Florida are very permeable and many modern lakes in central Florida were dry during the early deglacial because lower sea level resulted in a depressed water table [33] . Thus, in Florida, part of the increase in effective moisture in the later part of the Holocene could be related to increased elevation of the water table associated with rising sea level.
The mid-Holocene transition from oak-dominated to pine-dominated pollen assemblages at about 5 ka observed in the Florida records, is also found in the Goshen Springs pollen record from southern Alabama [34] . Pine also dominates a pollen record extending back to about 4.7 ka, recovered from Lake Shelby on the barrier island off Mobile Bay, Alabama [35] . Thus, the pattern of vegetation change seen in the Florida records is representative of conditions across the eastern portion of the Gulf Coast.
Few well-dated and continuous Holocene climate records are available from the rest of the northern Gulf Coast. Large fossil meander scars considered to be mid-Holocene in age (7.5 to 4.0 ka) along the Sabine River in southwest Louisiana provide evidence for substantially increased river flow and thus higher effective moisture compared with modern conditions. However, dating of the large meander features is uncertain, and they could be Pleistocene [36] .
Several climate records are available from inland sites in Texas, but it is not clear how well these records represent coastal conditions. For example, Holocene pollen records from a series of bog deposits in east-central Texas [37, 38] show a continuous and gradual trend of declining tree pollen and increasing grass and herb pollen through the Holocene. This pollen trend indicates a progressive change to drier and warmer conditions. The modern Post Oak Savanna vegetation in central Texas has been present for at least 3.0 ka. Variations in 13 C of organic carbon in alluvial deposits from central Texas [39] have also been used to infer changes in Holocene vegetation. Although the sampling density is low and the records are discontinuous, the available data indicate a trend towards warmer and drier climate from early to late Holocene, which is consistent with the bog pollen records.
In the western part of the northern Gulf Coast (Texas), the available records indicate that effective moisture in the later part of the Holocene was reduced compared to that in the early part of the Holocene, primarily due to a reduction in the summer monsoon [40] . The inferred effective moisture decrease in the later part of the Holocene in the western northern Gulf Coast is consistent with estimates of the evolution of the Holocene monsoon derived from marine records (see Poore et al. (2005) [23] ), but contrasts with the trend toward higher effective moisture in the later part of the Holocene observed in the eastern part of the northern Gulf Coast. This difference in effective moisture trends illustrates the regional variability of climate along the northern Gulf Coast.
Floods and Droughts
A variety of studies provide evidence for past major flood and drought intervals during the Holocene that may have affected the Northern Gulf Coast. For example, studies based on tree rings, lake sediments, and geomorphic features indicate that several multidecadal-to centennial-length droughts occurred across the central United States during the last 2.0 ka [41] . Multidecadal droughts during the 13 th and 16 th centuries were more severe and widespread than the "dust bowl" event of the 1930s, and at least four severe, century-scale megadroughts affected the Great Plains and western United States between 2.0 to .8 ka [41] . Also, severe drought occurred over a wide area of the mid-continent of North America between 4.2 and 4.1 ka [42] .
Direct evidence for past drought conditions along the northern Gulf Coast are sparse. However, sand dunes from several localities in coastal Texas and western Louisiana show evidence of one or more intervals of dune mobility over a several-hundred-year period centered at about 1.0 ka [40] . The arid conditions, inferred by dune activity, are consistent with megadroughts identified in the central U.S. at about 1.1 and .8 ka [41] . Sand dunes in coastal southeastern Louisiana, coastal Alabama, and northwestern Florida were active at times during the early Holocene. Dates of dune activity in southeastern Louisiana are clustered the early Holocene (11 to 8 ka), whereas most dates on dune activity in coastal Alabama and northwest tern Florida are between 7 and 5 ka [40] . The limited data indicate that prolonged droughts have occurred along the northern Gulf Coast throughout the Holocene.
Evidence for changes in flood frequency during the Holocene in the Mississippi drainage basin is provided by the distribution of overbank deposits in the upper Mississippi Valley (e.g., Knox (1985 Knox ( , 1993 [43, 44] ). Large floods, compared to contemporary long-term average floods, occurred between 6 and 4.5 ka and between 3 and 2 ka [43] . However, little evidence for discerning changes in the frequency and magnitude of flood events during the Holocene is available directly from the northern Gulf Coast. There are geomorphic features like the previously mentioned large fossil meander scars along the Sabine River in southwest Louisiana that indicate substantially increased river flow. However, uncertainty regarding the age of these large meander features [36] and other geomorphic features indicating increased river flow makes interpretation of the timing and duration of flood events problematic.
A different approach to developing information on past flood intervals along the northern Gulf Coast is to examine marine deposits on the continental shelf and slope for evidence of increased outflow of freshwater and terrestrial material into the Gulf of Mexico. Brown et al. (1999) [45] used faunal, isotopic, and grain-size variations in core EN 32-PC2 from the Orca Basin to develop a record of major Mississippi River flood events. The EN 32-PC2 record spans the last 5 ka with sample resolution that varies from a century to several decades. Brown et al. [45] identified seven major flood events that occurred every 1.2 and .5 ka. However, data from EN 32-PC2 are difficult to interpret because they are noisy, and considerable variation is seen in the effects of individual flood events on the faunal, isotope, and grain size records.
Freshwater outflow to the GOM from rivers can influence the oxygen content of subsurface coastal waters. The development of low-oxygen bottom-water conditions off the Mississippi Delta is related to increased outflow of freshwater and nutrient loading from the Mississippi River [46] . The   Fig. (6) . Pollen record from Lake Annie, Florida (Fig. 4) . Plot shows relative abundance of key pollen types. Age assignments shown to left of depth scale are from radiocarbon dates that have been calibrated to calendar years. Note shift from Quercus (oak) to Pinus (pine) domination of the pollen assemblage at about 5,000 years ago [30] .
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A m a r a n t h a c e a e P o a c e a e Q u e r c u s Lake Annie Depth in Centimeters increased outflow of freshwater leads to density stratification of nearshore waters, which prevents mixing of the water column. The lack of mixing causes the oxygen in subsurface waters to be used up by decay of organic material that sinks from phytoplankton blooms in the surface waters. Osterman et al. (2008) [47] found evidence in a sediment core recovered near the Mississippi Delta for the periodic development of low-oxygen bottom-water conditions extending back for 1 ka. Therefore, the periodic low-oxygen conditions prior to 1900 AD (Fig. 7) documented by Osterman et al. (2008) [47] likely represent Mississippi or Atchafalaya River flood events. The correlation of the low-oxygen bottom-water record shown in Fig. (7) with the climate of the northern Gulf Coast is uncertain for two reasons. First, the northern GOM shelf is a dynamic environment and sediments can be remobilized and redeposited during storms (e.g., Swarzenski et al. (2007) [48] ). Thus, assigning ages to the pre-1900 AD events shown on Fig. (7) is difficult because material suitable for 14 C dating was only found near the bottom of the core, and one cannot confidently assume a continuous accumulation rate to interpolate the age of the low-oxygen bottom-water events. Second, the Mississippi River drains a large area of the mid-continent, so it is not clear that a Mississippi River flood event necessarily means increased effective moisture along the northern Gulf Coast. Fig. (7) . Relative abundance variation of low-oxygen tolerant benthic foraminifers (= PEB) in core MRD05-4 from the Louisiana Shelf (Fig.  4) . The record is a combination of data from a box core and gravity core from the same locality (see discussion in Osterman et al. (2008) [47] ). Chronology for the upper part of the record is based on 210 Pb measured in the box core. The single date indicated at 220cm is based on two radiocarbon dates [47] . High PEB values in the top part of the record (last 50 years) represent development of hypoxia near the Mississippi River due to increased nutrient loading related to the use of fertilizer in the Mississippi River Basin. High values of PEB below 40 cm depth represent development of low-oxygen bottom water conditions that likely represent increased discharge from the Mississippi River of the Atchafalaya River and thus indicate past floods that transported more natural nutrients to the Louisiana Shelf. No dates are available above 240 cm in the gravity core so the timing of the individual "flood events" indicated by high PEB values cannot be estimated. 
Storms
Analyses of historical records indicate that the number of major hurricanes making landfall along the Gulf and Atlantic Coasts varies through time (see Fig. 4 and discussion in Goldenberg et al. (2001) [12] ). The variability in hurricane activity has been linked to multidecadal cycles in SST in the Atlantic Ocean [14] and to atmospheric circulation changes associated with El Niño events [13] . Periodic decadal-long increases in SST in the equatorial and mid-latitude North Atlantic associated with the Atlantic Multidecadal Oscillation are thought to provide favorable conditions for forming hurricanes [14] . In contrast El Niño events increase wind shear above the Caribbean and Gulf of Mexico, which inhibits the formation of hurricanes. Thus increased occurrences of El Niño events are linked to intervals of fewer hurricanes [13] . However, the reliable historical record is relatively short, and longer records are needed to confidently identify cycles in hurricane activity and link these cycles to specific components of the climate system.
Studies of storm deposits in lagoons and coastal lakes (e.g., Liu 2004 [49] ) provide one way to extend the record of hurricane activity back in time. These studies assume that sand layers in lagoons, coastal marshes, and coastal lakes that normally accumulate fine-grained sediments and organic matter are caused by major storms. Thus the distribution of sand layers through time in sediment cores is used as a proxy for storm activity, with the thickness and lateral extent of sand layers interpreted as a measure of storm intensity. The results can be difficult to interpret, because the impact of individual storms is geographically limited, and processes other than major storms can create sand layers in lagoons and coastal lakes.
Despite the potential difficulties in confidently identifying storm deposits, initial studies in the Gulf Coast region show promise. Records from Lake Shelby near Mobile Bay, Alabama and from Western Lake in the Florida Panhandle indicate that hurricane impacts were relatively high between 3.0 and 1.0 ka whereas hurricane activity was relatively low between 5.0 and 3.0 and during the last 1.0 ka [50, 51] . Similar results were obtained from a study of hurricane-induced overwash deposits in a lagoon on the eastern margin of Puerto Rico [13] . However more work is needed to establish the variation of hurricane frequency in the Holocene and link that variation to specific forcing.
Sea Level
Evidence for sea-level history of the Gulf Coast, since the last glacial maximum, has been recently summarized and evaluated by Balsillie and Donoghue (2004) [52] . At the last glacial maximum (about 20 ka), sea level was about 120 meters lower than today. As the glaciers retreated from their maximum extent, sea level generally rose continuously but at varying rates into the Holocene. A brief reversal in sea-level rise associated with a major cooling event, known as the Younger Dryas [53] , occurred just before the beginning of the Holocene [52] . At the start of the Holocene (about 10 ka) sea level was approximately 30 meters below modern sea level. Most reconstructions agree that between 10 ka and 6 ka sea level rose to within a few meters of its present day position. The rise was fairly steady with minor oscillations. Interpretation of the Gulf Coast sea-level record for the last 6 ka is contentious. The traditional interpretation is that the rate of sea-level rise slowed at 6 ka and then gradually increased asymptotically from 6 ka to the present (e.g., [54] ). The alternative interpretation is that sea level approached modern level near 6 ka and was higher than modern sea level several times during the last 6 ka (e.g., Blum et al. (2002) [55] ). The history of past sea level is often constructed by determining with respect to modern sea level the age and elevation of features that form very near sea level, such as basal peat deposits and beach ridges. Balsillie and Donoghue (2004) [52] investigated the northern Gulf Coast sea-level history of the youngest part of the Holocene by separating the features used to calibrate past sea level into two groups. One group consisted of features currently located seaward of the present shoreline, and the other group consisted of features currently located landward of the present shoreline. The sea-level histories derived from the two groups of calibration samples are very different (Fig. 8) . Because of their loca- Fig. (8) . Sea-level histories for northern Gulf of Mexico for the last 7,000 years developed from calibration samples currently located seaward of the present shoreline (green curve) and calibration samples that are currently located landward of the present shoreline (red curve). See text for discussion (modified from Balsillie and Donoghue (2004) [52] ).
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Absolute Years Before Present tions, the offshore calibration features such as basal peat deposits cannot provide information about past shorelines that were higher than the modern shoreline. In contrast, features found landward of the modern shoreline such as beach ridges can and do provide evidence for sea level higher than today.
The evidence for sea level above modern levels compiled by Balsillie and Donoghue (2004) [52] (Fig. 8) for the northern Gulf Coast is convincing and is also consistent with Holocene eustatic sea-level reconstructions from other areas (e.g., Siddall et al. (2003) [56] ). However, more work is needed in relatively stable areas of the northern Gulf Coast to establish the occurrence, timing, and duration of sea-level highstands during the last 6 ka.
SUMMARY AND CONCLUSIONS
Marine records from the northern GOM indicate that significant multidecadal-and century-scale variability was common during the Holocene. However, the number of records is limited. Additional highly resolved climate records from the northern GOM continental shelf and slope are needed to confirm the magnitude and patterns of variability observed in the Pigmy and Orca Basin SST records [27, 28] and to test the spatial coherence of such signals. For example, foraminifer Mg/Ca SST estimates for the last 1.0 ka developed from cores in the Florida Straits [57] , differ significantly from the Pigmy Basin record.
Broad trends in Holocene climate and environmental change along the eastern portion of the Gulf Coast are evident from existing pollen records, but the overwhelming abundance of oak and pine pollen in most lake records tends to obscure details, and little work has been done to identify high-frequency changes. Continuous and well-dated records of climate and climate variability in the western portion of the Gulf Coast are essentially lacking. A network of records from coastal marshes and wetlands, which tend to provide information on local conditions [30] , in conjunction with records from larger lakes and estuaries that integrate conditions on a regional scale is needed to reveal temporal and spatial patterns of climate change and variability across the Gulf Coast. Studies with sufficient age control and sampling density to resolve decadal-to multidecadal-scale features are needed to compare with and compliment offshore records. Long and continuous records from both marine and terrestrial environments are needed to test the link between solar output and multidecadal-to century-scale climate variability.
Information on Holocene flood and drought patterns and storm frequency in the Gulf Coast region is limited. Records of floods may be preserved in continental-shelf records but the dating and continuity of these records present challenges. Studies of past storm deposits show promise, but additional work is needed to evaluate techniques and develop regional patterns.
The recent summary of sea-level history of the northern Gulf Coast by Balsillie and Donoghue (2004) [52] presents convincing evidence that sea level was higher than modern sea level several times during the last few thousand years. However, additional records from relatively stable areas of the northern Gulf Coast are needed to establish the details of sea-level highstands during the latest part of the Holocene.
